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NOKIA CORPORATION 



TITLE OF THE INVENTTOM 

Load balancing in wireless communication network 
FIELD OF THE INVENTION 

The present invention relates to a method for load 
balancing in a wireless communication network, a 
corresponding system, a load control device, a-' 
corresponding access point usable' in a wireless- 
communication network, a corresponding network element 
usable in a wireless communication network, a' corresponding 
subscriber, terminal usable in a wireless communication 
network and a computer program product for implementino the 
method for load balancing in a wireless- communication 
network. 

BACKGROUND OF THE INVENTION 

In the last years wireless communication networks, for 
example for data and/or speech transmissions, became mo^ 
and more important. One example for such a wireless 
communication network is a wireless local area network 
(WLAN) , independent of a radio frequency or the like 
(infrared etc.) used for this network. In such, WLAN 
subscriber terminals, such as personal computers, . 
telecommunication equipments, mobile phones, personal 
digital assistants and the like, are able to perform 
communications with each other or with corresponding 
subscriber terminals of other networks (for example wir*d 
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WLANs are implemented according^ specific standards. One 
of these standards is, for example, the IEEE (Institute of 
Electrxcal and Electronics Engineers) 802.11 standard or 
its respective extensions such as the IEEE 802. llh 
standard, which are commonly known to persons skilled in 
the art. 

In the IEEE 802.11 standards, in particular MAC (MAC • 
Medium Access Control) and PHY (PHYsical layer) protocols 
are defined. MAC protocol is used, for example, to allow 
interoperability between compatible physical layers, to 
reduce a collision probability between different subscriber 
terminals, and the like. Moreover, the IEEE 802.11 MAC 
protocol defines beacon frames sent at regular intervals by 
the access point to allow stations to monitor the presence 
of cne access point. The IEEE 802.11 MAC protocol also 
gives, a set of management frames including Probe Request 
frames which are sent by a subscriber terminal and are 
followed by Probe Response frames sent by an available 
access point, to allow a subscriber terminal to scan 
actively if there is an access point operating on a certain 
channel frequency and to show to the subscriber terminal 
what parameter settings this access point is using 
Additionally, a MAC address is provided which is used as an 
identification element for the respective WLAN elements. 

According to the prior art, roaming of. a subscriber 
terminal from one AP to another AP is ■ initialized on the 
basxs of specific configuration settings in the wireless 
communication network, m accordance with these 
configuration settings, a subscriber terminal will decide 
on the basis of communication reception quality 
measurements whether the recent reception quality is 
sufficient or not. If not, a commonly known roaming 
procedure will be initialized by the subscriber terminal 
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state. In particular when the subscriber terminal is 
located in a densely utilized wireless network environment 
(i.e. a plurality of subscriber terminals is communicating 
in the respective cells) there could be a so-called "ping- 
pong" effect, in other words, the decision to change the 
serving access for the subscriber- terminal is made rather 
frequently and even such that the same two APs are involved 
in . the roaming. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
achieve an improved load balancing in a' wireless 
communication network. 



This object is achieved, for example, by . a method of load 
balancing in a wireless communication network, said 
wireless communication network comprising at least one 
subscriber terminal adapted to establish and perform a 
wireless communication connection in said wireless 

communication network- nir.r-v-n-,,' _ 

neuwor-K, a piurdity. of access points adapted 

to control said wireless communication connection of said 
at least one subscriber terminal and to exchange 
information with said at least one subscriber terminal, 
wherein one of said plurality of access points is ' 
associated with said at least one subscriber, terminal, and 
a load control device located outside of said subscriber 
terminal, said load control device being ' adapted to process 
information related to a load in said wireless 
communication network and to instruct roaminq of said 
subscriber terminal from said associated one of said- 
plurality of access points to another one of said plurality 
of access points, said method comprising the steps of 
receiving, in said subscriber terminal, access point status 
information determined in said plurality, of. access points, 
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transmit said roaming support information, and a load 
control device located outside of said subscriber terminal, 
said load control device being adapted to process said 
roaming support information by an access point . related load 
based roaming analysis, to decide, on the basis of a result 
of said access point related load based roaming analysis, 
whether said subscriber terminal is to be associated with 
another one of said plurality of access points, and to 
initialize roaming of said subscriber terminal from said 
associated one to said another one of said plurality of 
access points in said wireless communication network. 

Moreover, this object is achieved, for example, by a load 
control device for load balancing in a wireless, 
communication network, said wireless communication network 
comprising at least one subscriber terminal adapted to 
establish and perform a wireless . communication connection 
in said wireless communication network, and a plurality of 
access points adapted to control said wireless 
communication connection of said at least one subscriber 
terminal and to exchange information with said at least one 
subscriber terminal, wherein one of said plurality of 
access points is associated with said, at least one 
subscriber terminal, wherein said load control device is • 
located outside of said subscriber terminal and. adapted to 
process roaming support information, received from a 
subscriber terminal and derived by said subscriber terminal 
from, access point status information of said plurality of 
access points, by an access point related load based 
roaming analysis, to decide, on the basis of a result of 
said access point related load based roaming analysis, 
whether said subscriber terminal is to be associated with 
another one of said plurality of access points, and to 
initialize roaming of said subscriber terminal from said 
associated one to said another one of said plurality of 
access points in said wireless communication network. 
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exchange information with said subscriber terminal, wherein 
one of said plurality of access points is associated 'with 
said subscriber terminal, said subscriber terminal 
comprising roaming support means adapted to receive access 
point status information from said plurality of access 
points, to determine communication status information, 
related to said plurality of access points, to process said 
received access point status information and said 
communication status information in order to obtain roaming 
support information, and to transmit said roaming support 
information to a load control device as defined above, 
wherein said subscriber terminal performs, in response to 
an instruction from said load control device,, roaming from 
said associated one to another one of said plurality of 
access points in said wireless communication network, said 
another one of said plurality of access points is indicated 
in said instruction from said load control device. 



Moreover, this object is achieved, for example, by a 
computer program product usable for a data processing 
apparatus, comprising software code portions for performing 
the steps of the method of load balancing defined above 
when said product is run on said data processing apparatus. 

Advantageous further developments of the present invention 
are as set out in the respective dependent claims. 

The present invention is particularly useful to balance the 
load situation in wireless communication networks in such a 
manner that a subscriber terminal may perform a roaming to 
another AP in order to achieve a better data throughput 
even if the signal strength situation would not require 
such a change of the serving AP. Thus, the capacity of APs / 
available for the subscriber terminal is used in an 
improved manner. Furthermore, a so-called ping-pong effect 
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The roaming support information may be processed in the 
access point related load based roaming analysis by using a 
hand-off algorithm. Thereby, load and connection quality 
situations are calculated for the connections between the 
subscriber terminal and the available access points on the 
basis of the roaming support information.. Thus, an optimal 
access point for being associated with the subscriber 
terminal can be determined on the basis of the respective 
load and connection quality situations. 

Furthermore, processing parameters used in the access point 
related load based roaming analysis, for example in the 
hand-off algorithm, which are derived from the roaming 
support information, may be differently, weighted. For 
example, parameters associated with a connection quality 
situation are provided with a higher priority than 

parameters associated with the load situation. Thus, 
. operator specific settings for roaming and load balancing 

are further improved. 

The load control functionality may be provided in different 
sites. For example, the access points may comprise the load 
control functionality. Alternatively, the load control may 
be located in a specific network element separated from the 
access points, wherein this network element is connected 
with the access points in the wireless communication 
network. 

As a further refinement, access point internal monitoring 
information determined in the access points may be used for 
the load control. The load control functionality 
determines, for example, access points which are available 
for said subscriber terminal, e.g. by comparing the access 
point identification elements in the roaming support 
information, and selects only the access point internal 
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Fig. l shows a schematic diagram of a WLAN network 
according to a first embodiment of the present invention. 

Fig. 2 shows a block circuit diagram of a load. balancing 
system according to the first embodiment. 

Fig. 3 shows a flowchart of a load balancing method 
according to the first embodiment. 

Fig. A shows a schematic diagram of a WLAN network' 
according to a second embodiment of the present invention. 

Fig. 5 shows a block circuit diagram of a load balancing 
system according to the second embodiment. 

-Figs. 6 and 7 shows a flowchart of a load balancing, method 
according to the second embodiment.. 

DESCRIPTION OF . PREFERRED EMBODIMENTS 

A first embodiment of the present invention is described 
with reference to Figs. 1, 2 and 3 . 

Referring to Fig. 1, a wireless communication network such 
as a WLAN comprises several access points API,' AP2, AP3 as 
communication control elements. Furthermore, in •: the example 
shown, a backbone network is provided which serves as a 
distribution network for connecting the APs to one another 
and to external destination points such as other WLAN s or 
fixed networks. For connecting the APs to the backbone 
network, commonly known input/output (I/O) interfaces are 
used. • • 
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instructions and processing data for the communication 
connection (e.g. transmission forwarding and signaling 
related data) , memory means for storing instructions and 
data, for serving as a work area of the processor and the 
like (e.g. ROM, RAM, EEPROM, and the like), input means for 
inputting data and instructions by software (e.g. floppy 
disk, CD-ROM, EEPROM, and the like), user interface means 
for providing monitor and manipulation possibilities . to a 
user. (e.g. a. screen, a keyboard, and the like), network 
interface means for establishing a communication connection 
with subscriber terminals under the control of the 
processor (e.g. and wireless interface means, an antenna, 
and the like), distribution network interface means for 
communicating via the backbone network with other APs under 
the control of the processor, and the like. Besides a 
dedicated communication connection with an associated 
subscriber terminal, the AP is adapted to transmit 
signaling data within its cell, which enables to determine 
connection quality information related to this AP. This may 
be performed by means of a beacon frame, which is sent 
permanently or in specific- intervals. 

In the WLAN depicted in Fig. 1, a subscriber terminal 
receives this signaling data from those APs in whose cells 
it is located. This means, Tl receives signaling data from 
API, AP2, AP3, T2 receives signaling data from API, AP2, 
and T3 receives signaling data from API, AP3 . On the other 
hand, the . subscriber terminal sends data to its respective 
serving AP. The signaling data may be used to determine the 
connection quality situation for the subscriber terminal, 
i.e. whether there is an AP other than the current serving 
AP, which provides a better communication situation. In 
such a case, the subscriber terminal initializes a roaming 
procedure in order to associate with the other AP, as known 
in the prior art and described, for example, in connection 
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activated for a subscriber terminal Tl, which is associated 
with the API, i.e. for which the AP is the serving AP 
(indicated by the dotted boxes of LC 22 and 23). On the 
other hand, the subscriber terminal Tl comprises a roaming 
support means 30, which is adapted to process data and 
generate information, which are used in connection with the 
load balancing. 

The traffic load situation may be determined in the AP as 
follows. The AP knows the number of clients associated, for 
example, by checking a list of identification elements 
stored for associated subscriber terminals, e.g. 
corresponding MAC addresses thereof. Additionally, 
simultaneous traffic of the associated subscriber terminals 
is monitored. The traffic-based estimation could have also 
some timing window which is observed over certain period of. 
transmit samples. This is used as an indicator for the ' ' 
traffic load, e.g. in the form "transmit samples = traffic 
load". This could be averaged and used as a parameter for 
the load information. • . 

The load information is transmitted by the APs, for 
example, in form of an AP status information (APST) , which 
may be included in the beacon frame sent by the APs. This 
means that ail subscriber terminals, which are in range of 
the APs can receive this load information by the regularly 
transmitted signaling information from the APs. The APST 
further includes an information element (e.g. MAC address) 
of the sending AP in order to enable an allocation of the 
load information to the corresponding AP. Furthermore, in . 
case of, e.g., a 802 . llh WLAN, also dynamic freguency 
selection (DFS) and transmit power control (TPC) 
information may be included in the signaling information 
(APST) from the APs. 
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Moreover, the APST may comprise load information indicating 
the load status of the subscriber terminal itself. This 
means, the subscriber terminal measures, e.g. in a 
predetermined period of time, the amount of transmitted 
data and forms a corresponding statistic - 

The roaming support means 30 may collect and determine 
these information (APST) for a predetermined period of time 
and form the roaming support information RSUP on the basis 
of these collected information. For this purpose, the 
information and processing results can be stored in a 
corresponding memory of the subscriber terminal. However, 
also other criteria for stopping the formation of the RSUP 
are possible, for example an instruction from the user, an 
indication from the serving AP or the like. 

When the formation of the RSUP is finished (e.g. after the 
predetermined period of time) , the roaming support means 30 
sends the RSUP via the interface means of the subscriber 
terminal Ti to the serving API , i.e. to the load control 
device 21 of the serving API (step S30 in Fig. 3) . The load 
control device 21 processes the received RSUP in order to 
perform an AP related load based roaming analysis (step S4 0 
in Fig. 3) . 

In detail, the load control device 21 determines from the 
RSS5 list included in the RSUP the APs, which are suitable 
to be a candidate for a roaming of the subscriber terminal 
Tl, i.e. which APs provide a sufficient signal strength. 
For example, the RSSI has to reach a predetermined 
threshold. From the load information related to the 
available APs, the load control device 21 can directly 
determine which capacity the respective available APs have. 
The load control device may comprise a dynamically 
adjustable threshold value for each AP of the WLAN which 
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related load based roaming analysis) can be implemented. It 
is obvious for a skilled person how to use the derived 
parameters within these manufacturer specific hand-off 
algorithms so that the desired result is obtained. 

Furthermore, it is possible that the parameters derived 
from the RSUP information are differently weighted. This 
means that the different status information, such as RSSI, 
C/I, load information and the like, can be prioritized. For 
example, the parameter related to the load information is 
weighted higher (has a higher priority) than .the parameter 
related to the C/I, in particular when it is decided that 
an AP is "overloaded". Thus, it is possible to use a 
"backdoor" in the roaming decision, i.e. to force a roaming 
to an AP even if the. signal quality is not sufficient in 
normal cases. Additionally, the weighting can be set 
flexibly, for example on the basis of the overall traffic . 
situation. For example, when the load situation of the AP 
is critical (traffic load is above a predetermined 
threshold), the parameter related to the load information- 
is provided with a higher priority by the load control 
device 21 than in cases with a lower traffic load. Thus, it 
is possible to flexibly set the criteria for the decision 
for a roaming. 

It is to be noted that the above described weightings are . 
only an example and adjustable by an operator according to 
his/her choices. 

Alternatively, for calculating the hand-off algorithm, the 
load control device 21 may use load information directly 
received from the serving AP load information. Thus, the 
most current load information can be used at least for the 
serving AP in the AP related load based roaming analysis. 
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processes this RSUP and decides for a roaming of the 
subscriber terminal in a centralized manner. When, for 
example, C/I statistics are used the following situation 
may occur. When it is determined that API is "overloaded". 
Tl measures the API , AP2 and AP3 and forms a statistical 
database of measurements in form of the RSUP. Since API is 
overloaded, the analysis, of the measurement shows that AP2 
is less loaded. Thus, as a preliminary result, AP2 could be 
used as a target AP for the roaming. However, in this 
example, AP2 has too close channels, i.e. it is not clean. 
The C/l statistics shows that neighbor C/I criteria is not 
"fulfilled. On the other hand, the analysis shows that AP3 
is also overloaded as well. Then the selection for the 
roaming is to use an "unclean" channel in AP2 . 

The load balancing functionality can be implemented, for 
example, by software code potions which are loaded into 
the respective network elements (subscriber terminal, 
access point) by means of its reading means and its 
memories. The access points are • able to receive the 
additional information RSUP from the subscriber terminals 
and to forward it to the load control device. 

Next, a second embodiment will be described with reference 
to Figs . 4 to 7 . 

It is to be noted that some of the means, functionality and 
procedures of the second embodiment are parallel to 
corresponding means, functionality and procedures, of the 
first embodiment. Thus, a repetition of a detailed 
description thereof is omitted.. 

Fig. 4 shows a wireless communication network such as a 
WLAN comprising several access points API, AP2, AP3 as 
communication control elements, a backbone network as a 
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AP. The AP forwards this data to the network element 100. 
Furthermore, the APs are adapted to send separate 
monitoring information to the network element 100. 

The network element 100 processes the forwarded data from 
the subscriber terminal and may send a processing result to 
the subscriber terminal via the backbone network and the 
serving AP. 

Referring to Figs. 5 to 7, a roaming based on a load 
balancing functionality is described in further detail. 

In Fig. 5, a block circuit diagram of a load balancing 
system in the WLAN according to the second embodiment is 
shown. In Figs. 6 and 7, a flow chart illustrating a method 
for load balancing in a ■ wireless' communication network is 
illustrated. 

For the sake of simplicity, in Fig. 5, only one subscriber 
terminal Tl is illustrated for which load balancing, i.e. a 
roaming decision, is to be made. However, the procedure 
described below is applicable for a plurality of subscriber 
terminals in parallel. 

According to Fig. 5, the APs comprise an access point load 
status monitoring means ( APLSM) 111, 112, 113, which is 
adapted to determine a traffic load in the respective API, 
AP2, and AP3 . Furthermore, the access points comprise an 
access point internal monitoring means (APIM) 211, 212, 
213, which is adapted to measure an external interference, 
to form a statistic thereof and to sent the statistic, for 
example, in the form of access point internal monitoring 
information (APIM) directly to the load control device 110. 
The external interference of the AP may be caused by 
another AP in the network, by another non-WLAN system, such 
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Furthermore, in case of, e.g., a 802. llh WLAN, also dynamic 
frequency selection (DFS) and transmit power control (TPC) 
information may be included in the signaling information 
(APST) from the APs . 

The subscriber terminal Tl may perform measurements of the 
communication connection quality during a silent period. In 
the present example, the roaming support means 300 of the 
subscriber terminal Tl receives APST from API, AP2, and AP3 
(step S110 in. Fig. 6). The roaming support means 300 
performs a processing of the received information in order 
to generate roaming support information (step S120 in Fig. 
6). In this processing, for example, a statistic (or list) 
of the load situation of the available (i.e. received) APs , 
a received signal strength indicator (RSSI) measurement ad 
the like is formed. The RSSI measurements and load 
information determination are allocated to the received APs 
by means of the- MAC addresses of the APs. ' . 

Additionally, statistics related to a carrier to 
interference ratio (C/I) , a terminal transmit power status, 
load information indicating the load status, of the 
subscriber terminal itself may be formed in the roaming 
support means 300. 

The roaming support means 300 may collect and determine 
these information for a predetermined period of time and 
form the RSUP on the basis of these collected information. 
For this purpose, the information and processing results 
can be stored in a corresponding memory of the subscriber 
terminal. However, also other criteria for stopping the 
formation of the RSUP are possible, for example an 
instruction from the user, an indication from the serving 
AP or the like. 
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The load control device 110 now processes the RSUP from the 
subscriber terminal Tl and the selected APIM from the 
access points API, AP2, AP3 in order to perform an enhanced 
AP related load based roaming analysis (step S160 in Fig. 
6) . 

In detail, the load control device 110 determines from the 
RSSI list included in the RSUP the APs, which are suitable 
to be a candidate for a roaming of the subscriber terminal 
Tl, i.e. which APs provide a sufficient signal strength. 
For example, the RSSI has to reach a predetermined 
threshold. From the load information related to the 
available APs, the load control device 110 can directly 
determine which capacity the respective available APs have. 
The load control device may comprise a dynamically 
adjustable threshold value . for each AP of the WLAN, which 
indicates an "overload" situation'. This "overload threshold 
value may be transmitted directly from the APs/ e.g. by 
means of the APIM. When a transmit power status is included 
in the RSUP, it is possible to determine whether the 
available APs, i.e. the cells thereof, are "equal" cells. 
Furthermore, the C/I statistics included in the RSUP can be 
used to determine signaling quality for the cells. All 
information included in the RSUP are related to the APs by 
means of the information elements (MAC addresses) . Thus, it 
is possible to exactly determine the communication and load 
situations for each of the API, AP2, and AP3. Additionally, 
the load control device 110 determines from the APIM 
whether an AP is subjected to an external interference, 
which may influence the connection quality to a subscriber 
terminal. 

The enhanced AP related load based roaming analysis 
executed in the load control device 110 uses, for example, 
an adapted hand-off algorithm whose parameters are derived 



Xpuijou ut ^uspxiins ^ou sx Aaxienb x~ u 6xs aqq jx ua.\a 
dV ue oq Suxuipoj p aoxoj oq "3'x 'uoxsxoap 6uxuipo;t aqq ux 
^joop^opq,, e asn oq eiqxssod sx qx 'snqj, • qqJDua;r:;s x^uSxs 
paAiaoai p oq paqpx a:r sjaaauieiPd upqq jaq6xq paqq6xaM 
9jp aouaiajJa^uT x^ uja: )- xa up paqPX^J sjraqauipjpd 'pueq 
jaqao aqq uo * „pappox isao,, sx d¥ up qpqq papxoap sx qx 
uaqM :rpxnoxq:rpd U T 'I/O oa paq.px^ Jaqauipjpd aqq upqq 

(/apopd .xaqSxq p spq) :raq5xq paqqbxaM sx uoxqpuuo jux ppox 
aqi oq paqpx^ zaqamp;ipd aqq 'axduipxa ioj -pazpijoiid aq' 
ueo y a>(TT pue sa^pj Timsuejaaj 'uoxapuuojux peoj 'I/O 

'ISSH se qons ' uoi^eiujojux aoua:ra j jraqux jo/pup uox qpuoo iui 
snqpqs ^uajajjip aqq qpqq supaui sxqx *paqq6xaM Axqua:ra j zip 
sx uoi^euiiojUT WIdV 9<4q pue uoppuiio:ui dHSH Sqi uio.xj 
paAiiap s;raqaiup.TPd aqq qpqq axqissod si qx 'a:ioui;raqq;inj 

•pauxpqqo si qxnsa:r pa:iisap 
aqq qpqq. os surqqiaoSxe jjo-pupq oxjioads jainqopjnueoi asaqq. 
uxqq.iM s:raqauipapd paAiiap aqq asn oq woq uosiad paxXT^s 
p joj snoxAqo st qj *paq_uamaxduix aq upd (stsAjpup duiuipoj 
paspq ppox paqpxaz dV paoupqua aqq * a * x) Aqxx^uoxqounj 
Suxoupx^q P^ox pBSodoocd aqq jo qdaouco aqq qpqq os qjp 
aqq ux paxXT^s asoqq Aq paidppp Axi SP9 9C 1 upo suruqx ao6x^ 
xzo-pupq aanqni U9A9 pup 5uxqs,xxa qpqq paqou aq oq sx qx 
4 qip aqq ux paxxi^s ^soqq aoj umou>( pup pasn Axx^ 110 !^ 113 -^ 1 - 100 
asoqq oq jipxI 111 ! 2 S T axduipxa quasaad aqq oq 6uxpaooop 
sxsAx^up DUTuieoi paspq ppox paqpxaj dV paoupqua aqq.- 
jtoj pasn uiqqxaobx^ jio-pupq aqj, *a>(xx aqq pup squauiaaxnoa^r 
6ut-[pu6ts x Hm T u T m :xo J sbuxqqas y 3xnq.onxqs :{jo/q9u 
aqq uo 'axduipxa joj 'spuadap pup quapuadap za jnqopjnupui 
sx uiqqxao6x p Jjo-pupq p qons jo ain^oni^s aqj, -uiqqxjo&x." 5 
jjo-pupq paqdppp aqq jo uoxqpxnoxpo aqq joj pasn aq Apui 
dV (6uiAias) aqq jo jossaooid aqj, ' (3^TT aL H P up 'MopuiM 
jjo->{OPq 'aqp:r qxuisupzqaa 'axduipxa joj '*a*x) uoiqpuijojui 
WIdV P u ~ (snqpqs jra/Aod qxuisupzq .'uoi^puijojut P?oj 

'I/O 'ISSH 'axduipxa ioj '-a'i) uoxqpuuroiux dOSd s^q ujojj 

- oe - 

cifzoo/^oocaj/XDd uzum/nx* 0/Y\ 



WO 2004/004227 



PCT/IB2002/002312 



- 31- 

cases. Additionally, the weighting can be set flexibly, for 
example on the basis of the overall traffic situation. For 
example, when the load situation of the AP is critical 
(traffic load is above a predetermined threshold) , the 
parameter related to the load information is provided with 
a higher priority by the load control device 110 than in 
cases with a lower traffic load. Thus, it is possible to 
flexibly set the criteria for the decision for a roaming. 

It is to be noted that the above described weightings are 
only an example and adjustable by an operator according to 
his/her choices. 

On the basis of the results of the hand-off algorithm, the 
load control device 110 decides whether a roaming procedure 
is to be initialized for the subscriber terminal Tl (step 
S170 in Fig. 7) This means, the load control device 110 
determines whether an AP is available for the subscriber 
terminal Tl which provides sufficient, communication 
connection quality and has less. traffic load than the 
present serving API. If this is not the case (NO), the 
serving API is maintained . and the. load balancing procedure 
is repeated. 

On the other hand, when the load control device 110 decides 
that there is a "better" AP, a roaming procedure is 
initialized. For this purpose, the load control device 110 
determines the target AP, which results from the enhanced 
AP related load based roaming analysis on- the basis of the 
MAC address included in the RSUP and the APIM. Then, an 
instruction (ROAMING) indicating that a roaming to the 
determined new AP (for example AP2) is to be performed is 
sent via the serving API to the subscriber terminal Tl 
(step S180 in Fig. 7). When receiving this roaming 
instruction, the subscriber terminal Tl executes the 
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receive the additional information RSUP from the subscriber 
terminals and to forward it to the load control device. 

Since the load control device is implemented in a fixed 
network element (AP or separate network element) there can 
be used more sophisticated processing measures (e.g. hand- 
off algorithms) and greater storing capacities in 
comparison to the rather restricted capabilities of a 
(mobile) subscriber terminal. 

It is to be noted that features of one of. the embodiments 
described above are also adaptable in the other embodiment. 
For example, the load control device in the first 
embodiment may be located in a separate network element 
connected to the APs by the backbone network. Furthermore, 
in the second embodiment, the load control device may be 
located in each of the APs. Then, the APs are adapted to 
receive the APIM from the other APs. 

Moreover, even though the above description is related to a 
WLAN, the present invention is also applicable to other 
wireless network types, such as mobile telecommunication 
networks and the like. 

The load balancing functionality can be implemented in 
existing systems even if there are network elements 
(subscriber terminals, access points), which do not support 
the load balancing functionality. In such a case, as for 
example described in the IEEE 802.11 standard, information 
concerning the load balancing can be ignored by those 
network elements which do not understand this information, 
and a normal roaming procedure not based on load 
information is performed. 
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associated access point to another one of said plurality of 
access points. Access point status information APST 
determined in said plurality of access points S10, S110 is 
received and communication status information related to 
said plurality of access points S20 , S120 is determined. 
The subscriber terminal processes S20, S120 these 
information into roaming support information RSUP, which 
are in turn processed S40, S160 in said load control device 
an access point related load based roaming analysis. On 
this basis, it is decided S50 ,. S170 by the load control 
device, whether said subscriber terminal is to be 
associated with another one of said plurality of access 
points . 

It should be understood that the above description and 
accompanying figures are merely intended to illustrate the 
present invention by way of example only. The preferred 
embodiments of the present invention may thus vary within 
the scope of the attached claims. 
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initializing (S60; S180) roaming of said subscriber 
terminal to said another one of said plurality of access 
points in said wireless communication network. 

2. Method according to claim 1, wherein said access point 
status information (APST) comprises an access point 
identification element and an access point load status 
indicator determined in a respective access point. 

3. Method according to claim 1 or 2, wherein, in said step 
of determining communication status information, a received 
signal strength indicator (RSSI) indicating the received 
signal strength of said plurality of access points is 
determined. 

4. Method according to any of claims 1 to 3, wherein, in 
said step of determining communication status information, 

a carrier to interference ratio (C/I) per each. access point 
is determined. 

5. Method according to any of claims 1 to 4 , wherein, in 
said step of determining communication status information, 
a terminal transmit power status is determined. 

6. Method according to any of the preceding claims, wherein 
said roaming support information (RSUP) , obtained in said 
step of processing said received access point status 
information and said communication status information, 
comprises statistics of access point related communication 
status and load information derived from said received 
access point status information. 

7. Method according to any of the preceding claims, wherein 
in said step of processing, in said load control device, 
said roaming support information by said access point 
related. load based roaming analysis, a hand-off algorithm 
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access point related load based roaming analysis, whether 
said subscriber terminal is to be associated with another 
one of said plurality of access points, and if so, 

initializing (S180) roaming of said subscriber 
terminal to said another one of said plurality of access 
points in said wireless communication network. 

12. Method according to claim' 11, wherein said access point 
internal monitoring information (APIM) comprises at least 
one of a retransmit rate to associated : subscriber 
terminals, back-off windows, and a net allocation vector 
for a respective one of said plurality of access points. 

13. Method according to any of claims 11 to 12, wherein, 
processing parameters used in said enhanced access point 
related load based roaming analysis and derived from said 
roaming support information and said selected access point 
internal monitoring information are differently weighted in 
said enhanced access point related load based roaming 
analysis. 

14. System for load balancing in a wireless communication 
network, said wireless communication network. comprising 

at least one subscriber terminal (Tl,. T2, T2) adapted 
to establish and perform a. wireless communication 
connection in said wireless communication network, and 

a plurality of access points (API, AP2, AP3) adapted 
to control said wireless communication connection of said 
at least one subscriber terminal and to exchange 
information with said at least one subscriber terminal, 
wherein one of said plurality of access points is 
associated with said at least one subscriber terminal, 

said system comprising 

access point load status monitoring means (11, 12, 13; 
111, 112, 113) located in each one of said plurality of 
access points and adapted to measure a traffic load of an 
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18. System according to any of claims 14 to 17, wherein 
said roaming support means is adapted to determine a 
terminal transmit power status. 

19. System according to any of claims 14 to 18, wherein 
said roaming support information obtained in and 
transmitted from said roaming support means comprises 
statistics of access point related communication status and 
load information derived from said received access point 
status information. 

20. System according to any of claims. 14 to 19, wherein 
said load control device is adapted to process said roaming 
support information in said access point related load based 
roaming analysis by using a hand-off algorithm to calculate 
load and connection quality situations for said plurality- 
of access points on the basis of said roaming .support 
information and to determine an optimal access point for 
being associated with said subscriber terminal. 

21. System according to any of claims 14 to 20, wherein 
said load control device is adapted to differently weight 
processing parameters used in said access point related 
load based roaming analysis and derived from said roaming 
support information. 

22. System according to any of claims 14 to 21, wherein, 
said load control device (21) is located in at least one of 
said plurality of access points. 

23. System" according. to any of claims 14 to 21, wherein 
said load control device (110) is located in a network 
element (100) separated from said plurality of access 
points, said network element being connected with said 
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related load based roaming analysis, and derived from said 
roaming support information and said selected access point 
internal monitoring information. 

27. Load control device (21; 110) for load balancing in a 
wireless communication network, said wireless communication 
network comprising 

at least one subscriber terminal (Tl, T2, T2) adapted 
to establish and perform a wireless communication 
connection in said wireless communication network, and 

a plurality of access points (API , AP2, AP3) adapted 
to control said wireless communication connection of said 
at least one subscriber terminal and to .exchange 
information with said at least one subscriber terminal, 
wherein one of said plurality of access points is 
associated with said at least one subscriber terminal, 

wherein said load control device is located outside of 
said subscriber terminal and adapted' zo process roaming 
support information (RSUP), received from a. subscriber 
terminal and derived by said subscriber terminal from 
access point status information (APST) of said plurality of 
access points, by an access point related load based 
roaming analysis, to decide, on the basis of a result of 
said access point related load based roaming analysis, 
whether said subscriber terminal is to be associated with 
another one of said plurality of access points, and to 
initialize roaming of said subscriber terminal from said 
associated one to said another , one of said plurality of 
access points in said wireless communication network. 

28. Load control device according to claim 27, wherein said 
access point status information comprises an access point, 
identification element and an access point load status 
indicator determined in a respective access point. 
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35. Load control device according to any of claims 27 to 
34, wherein said load control device (21) is located in at 
least one of said plurality of access points. 

36. Load control device according to any of claims 27 to 
34, wherein said load control device (110) is located in a 
network element (100) separated from said plurality of 
access points, said network element being connected with 
said plurality of access points in said wireless 
communication network. 

37. Load control device according to claim 36, 

wherein said load control device (110) is adapted to 
receive access point internal monitoring information (APIM) 
of said plurality of access points, to determine, from said 
access point internal monitoring information, access points 
available for said subscriber terminal and to select, access 
point internal monitoring information of said available 
access points, to process said roaming support information 
and said selected acoBSS point internal monitoring 
information by an enhanced access point related load based 
roaming analysis, to decide, on the basis of a result of 
said enhanced access point related load based roaming 
analysis, whether said subscriber terminal is to be 
associated with another one of said plurality of access 
points, and to initialize roaming of said subscriber 
terminal from said associated one to said another one of 
said plurality of access points in said wireless 
communication network. 

38. Load control device according to claim 37, wherein said 
access point internal monitoring information comprises at 
least one of a retransmit rate to . associated subscriber 
terminals, back-off windows, and a net allocation vector 
for a respective one of said plurality of access points. 
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wherein said network element (100) is separated from 
and connected to said plurality of access points and . 
comprises a load control device (110) according to any of 
claims 27 to 34 and 36 to 39. 

42. Subscriber terminal (Tl, T2, T3) usable in a wireless 
communication network, said wireless communication network 
comprising 

a plurality of access points (API , AP2 , AP3) adapted 
to control a wireless communication connection of said 
subscriber terminal and to exchange information with said, 
subscriber terminal, wherein one of said plurality of. 
access points is associated with said subscriber terminal., 

said subscriber terminal comprising 

roaming support means (30; 300) adapted to receive 
access point status information (APST) from said plurality 
of access points, to determine communication status 
information related to said plurality of access, points, to 
process said received access point status information and 
said communication status information in-order to obtain 
roaming support information (RSUP) , and to transmit said 
roaming support information to a load control device (21; 
110) according to any of claims 27 to 39", 

wherein said subscriber terminal performs, in response 
to an instruction from said load control device, roaming 
from said associated one to another one of said plurality 
of access points in said wireless communication network, 
said another one of said plurality of access points is 
indicated in said instruction from said load control 
device . 

43. Computer program product usable for a data processing 
apparatus, comprising software code portions for performing 
the steps of claims 1 to 13 when said product is run on 
said data processing apparatus. 
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